Background. -The Eplerenone Post-Acute Myocardial Infarction Heart Failure Efficacy and Survival Study (EPHESUS) randomized clinical trial demonstrated the efficacy of eplerenone, a new aldosterone antagonist diuretic, with standard treatment versus standard treatment alone in the reduction of cardiovascular mortality and cardiovascular-related hospital readmissions for patients with heart failure after an acute myocardial infarction. 
Background
In Europe, the prevalence of heart failure (HF) varies from 0.4 to 2% [1, 2] . In France, the prevalence of patients with HF was estimated to be 500,000 in 1998, with an annual incidence of 120,000 [3] . Forty per cent of patients die within 12 months of the diagnosis, and only 25% of men and 38% of women survive for five years. The incidence and prevalence of severe HF, defined as left ventricular ejection fraction (LVEF) less than 30% and a cardiothoracic index greater than 60%, are known through Épidémiologie de l'insuffisance cardiaque avancée en Lorraine (EPICAL), a study performed in Lorraine, an eastern region of France [4] . The incidence was found to be 225 cases per one million inhabitants, which, when extrapolated to the whole of France, yields an estimated 13,500 new cases of severe HF per year. The incidence increased substantially with advancing age, with two-thirds of patients being over 70 years. In 1999, 28,200 deaths were attributable to HF [5] . HF is the cause of 150,000 hospital admissions and 3.4 million visits per year [3] .
The presence of acute myocardial infarction (AMI) increases the risk of HF, particularly in the first days after the ischaemic event. According to the Valsartan in Acute Myocardial Infarction (VALIANT) registry, 20% of all patients with AMI presented signs and symptoms of HF during hospital stay [6] . The Cholesterol and Recurrent Events (CARE) study found that 22% of patients with an AMI had acute HF; incidence of HF for patients with recurrent AMI was 33% [7] . According to Cowie, the rate of HF as a direct consequence of AMI is 19% [2] . USIK is a French study in patients admitted for an AMI [8] . In this study, 45% of patients had clinically established HF. When extrapolating the data to the whole of France, knowing that 100,000 cases of AMI are registered, the number of patients with HF after an AMI can be estimated at between 19,000 and 45,000 per year.
Patients with HF consecutive to an AMI receive secondary prevention treatment, combining angiotensin-converting enzyme (ACE) inhibitors with diuretics and/or beta-blockers [9] . The Randomized Aldactone Evaluation Study (RALES) mortality trial showed that the administration of low-dose spironolactone, a diuretic with an aldosterone-antagonist effect, reduced mortality of post-AMI patients with severe HF [10] . With spironolactone, however, 10% of men suffer from painful gynaecomastia that may justify stopping treatment. Eplerenone is an aldosterone antagonist that reduces the risk of gynaecomastia. Eplerenone Post-Acute Myocardial Infarction Heart Failure Efficacy and Survival Study (EPHESUS) was a randomized controlled trial comparing the combination of eplerenone plus standard treatment versus standard treatment alone for secondary prevention of severe cardiovascular events and death for patients with AMI and HF [11] . In this trial, overall mortality was reduced by 15% and cardiovascular rehospitalizations and cardiovascular deaths were reduced by 13%.
The aim of the present study was to calculate the relative cost-effectiveness of eplerenone plus standard treatment versus standard treatment alone in the French context.
Methods

Patient population
The EPHESUS trial included 6632 patients with post-AMI HF, with a mean follow-up of 16 months. Patients were randomized to either standard optimal treatment including ACE inhibitors, angiotensin II receptor blockers, diuretics, statins, beta-blockers, or coronary reperfusion plus 25 mg eplerenone (titrated up to 50 mg/day), or a placebo plus standard optimal treatment (control group).
The economic analysis was a within-trial analysis since no data were available on the evolution of the patients' health status beyond the mean 16-month follow-up period or on the efficacy of treatment. In EPHESUS, the primary endpoints were time to all-cause death or cardiovascular death and first hospitalization for any cardiovascular event.
The main secondary endpoints were cardiovascular death and all-cause death, and any hospitalization.
Survival
The results from EPHESUS were used to model the expected number of life-years gained with the reduction of overall mortality through the follow-up period. The model used in our study was based on the original cost-effectiveness analysis performed by Weintraub et al. [12] in the USA, with minor modifications that did not alter significantly the projections of life-years saved.
Two alternative methods were used to predict long-term survival of patients. First, a sample of 2543 patients with HF after an AMI was extracted from the Saskatchewan Health database. Piecewise regressions were used to estimate mortality risk functions over time and thus survival. Adjustment of survival to patients' characteristics was obtained using proportional hazard Cox models. Piecewise regressions were used because the observed mortality did not follow a decreasing exponential: mortality was high during an acute period after initial event, then tended to stabilize, and finally to increase again because of aging. Moreover, dispersion in the acute phase was not high, but tended to increase through time. Second, the Framingham equation was used to compute expected survival for patients included in the EPHESUS trial.
Life-years lost for patients who died during the trial were calculated as a difference between age at death and age-and sex-specific life expectancies derived from the two methods of survival estimations. Patients who survived during the trial duration did not yield any difference in lifeyears saved between eplerenone and placebo. A stochastic sensitivity analysis was performed on the difference in the number of life-years gained between both groups, using naive bootstrap. A confidence interval (CI) was also estimated for the incremental cost-effectiveness ratio (ICER) and acceptability curves were established.
Costs
Only direct medical costs were considered in the model, adopting for France a partial societal perspective. Events and related healthcare services were collected alongside the clinical trial data. For hospitalizations, patients' records were classified in the initial north-American costeffectiveness study using USA diagnosis-related groups (DRGs). Mapping to the French DRG classification was performed. When mapping was possible, the French costs per DRGs were obtained through the National Cost per Stay Survey, which provides for an average full cost per stay in the public sector [13, 14] . For a minority of DRGs and cases, mapping was not possible. We then used Schulman et al.'s method to estimate a cost for France [15] . First, we computed an overall conversion rate between US and French costs for DRGs for which mapping was possible. The conversion rate was the ratio for all cases of US cost per DRG weighted by the number of cases in the trial, to the French costs per DRG weighted by the number of cases. The conversion rate then was applied to the US costs for the DRGs for which mapping was not possible.
Diagnostic procedures and visits to physicians were valued using charges obtained from the French National Fee Schedule. For procedures that could not be mapped into the French procedure code, the conversion rate methodology was applied. Drugs were costed using the French Public Prices for 2003. The daily treatment cost for eplerenone was D 2558. Costs and outcomes were discounted at a 5% rate, following the recommendations of the French Health Economists Association [16] . All costs are in 2003 euros.
Results
Clinical outcomes
The overall mortality over the trial period was 478 (14.4%) patients in the treatment group versus 554 (16.7%) in the placebo group (p = 0.008). Combined cardiovascular deaths and hospitalizations were 885 (26.7%) in the treatment group versus 993 (30.3%) in the placebo group (p = 0.002) ( Table 1) .
Life-years gained
Using the Saskatchewan database, 20 weeks of life are lost with standard treatment plus placebo versus 17 for eplerenone plus standard treatment. Thus, long-term undiscounted survival is three weeks. Using the Framingham database, 32 weeks of life are lost for patients who receive standard treatment only versus 27 weeks for patients treated with eplerenone: the incremental effectiveness is five weeks ( Table 2) . Resource use during follow-up Table 3 displays the results for hospital-resource use.
In the treatment group, there were 169 fewer hospital admissions for all causes, 128 fewer admissions for cardiovascular causes, the same number of cardiovascular diagnostic procedures, and 112 fewer visits to emergency rooms. Thus, a slight reduction in resource use was observable with eplerenone, but the difference was significant only for hospital admissions for HF.
Costs during follow-up period
The total undiscounted direct medical cost of follow-up during the trial period, excluding the cost of eplerenone, was D 4698.7 for the treatment group versus D 4814.1 for the placebo group. Eplerenone added an extra cost of D 1084.9 for the period of treatment. Costs for rehospitalizations and outpatient diagnostic procedures were slightly lower in the treatment group versus the placebo group. The most important differences in costs were observed for hospitalizations for cardiovascular causes and for HF (Table 4) . 
Incremental cost-effectiveness ratio
The baseline estimation was made using a 5% discount rate for costs and outcomes. (Table 5) .
Stochastic sensitivity analysis
A stochastic sensitivity analysis of the ICER was performed to obtain an acceptability curve using bootstrapping and 5000 iterations. Assuming a willingness to pay of D 15,000 per life year, treatment with eplerenone is accepted in 74% of all cases, and in 99% of all cases with a willingness to pay D 50,000 (Saskatchewan estimation of survival, costs, and benefits discounted 5%) (Fig. 1) . 
Discussion
The adoption of a within-trial analysis does not allow for full assessment of the cost-effectiveness of the intervention. In real life, patients would probably continue treatment for their lifetime. This choice is always a question of trade-off between the face validity of the extrapolation of outcome and the cost results for the intervention through time and the limits of a censored analysis. In particular, the model may be very sensitive to assumptions made not only on death but also on hospitalization and outpatient procedures, which is why we chose a restrictive model. In this particular case, outcomes in terms of survival have already been stretched further than the duration of the trial, using either complex modelling from the Saskatchewan database or with the Framingham data. Because the Framingham data were related to patients with HF, and not specifically HF after AMI, the overall gain in survival may have been overestimated. Patients in the Saskatchewan database were similar to those from the EPHESUS trial and the 'piecewise' estimation of the probabilities of death allowed for a better adjustment of survival to the patients' characteristics. Thus, the true cost-effectiveness ratio may be closer to the estimation obtained with the Saskatchewan data.
The overall cost of treatment between the two groups was very similar. There is little potential for costsaving, although patients treated with eplerenone tend to experience fewer hospital readmissions, and have fewer outpatient diagnostic procedures and emergency room visits, which has some impact on quality of life. Compared to the study by Weintraub et al. [12] , we did not use the Worcester Heart Attack Registry because we wanted to keep a conservative approach to estimation of the cost-effectiveness ratio, and the Saskatchewan database delivered the lowest differences in estimates of life-years lost between the two branches. We did not estimate qualityadjusted life years because the data were from only a small subsample of French patients. Moreover, no French value has yet been set for health states described by EQ-5D, the questionnaire used in the trial.
The exclusion of indirect costs, in particular days out of work, should have little impact on the results since the patients' average age in the EPHESUS trial was 64 years and a large proportion would therefore have retired.
Schulman et al.'s [15] conversion method could carry a bias if the admissions or procedures for which there is no direct mapping between US and French DRGs or procedure codes are very different in terms of relative costs between the two countries. In this study, this bias exists but has a very low impact, since mapping was impossible for less than 2% of all events.
The relatively high variance in the ICER is probably related to the fact that the efficacy of the treatment was short term. The modelling of long-term survival plausibly adds dispersion, since mortality tends to be less predictable with increasing age.
The actual cost per-life year saved (D 15,382) can be compared to the cost-effectiveness ratio of other interventions. A cost-utility analysis from the RALES mortality trial has been performed, comparing spironolactone with standard treatment to placebo with standard treatment for the secondary prevention of cardiovascular events and deaths for patients with a severe HF (LVEF < 35%) after an AMI [17] . The follow-up period was 35 months. The study found that results ranged from cost-savings to a maximum cost per quality-adjusted life year of $US 20,300. The difference with eplerenone can be explained by the low price of spironolactone, which had been on the market for a long time when the trial was performed, by the selection of a high-risk population, and by the duration of follow-up. This suggests that the cost-effectiveness ratio of eplerenone may be improved if targeted towards patients with severe HF. The RALES economic evaluation study did not include a valuation of the main secondary effect of spironolactone, which was painful gynaecomastia, which eplerenone reduces significantly.
Using CODECS, the French documentary database on health-economic evaluation, eight cost-effectiveness studies were selected in the cardiovascular field with results in terms of cost per life-year saved. Full comparison with the results from the present study must be interpreted with caution: it requires some actualization for prices and potential improvements in technology. Moreover, older studies seldom comprise a stochastic sensitivity analysis on the cost-effectiveness ratio and thus do not publish confidence intervals. Published data nevertheless give a relevant order of magnitude. For example, the cost per life-year saved of heart transplantation was D 17,626 in 1992 in France [18] . The ICER of recombinant tissue plasminogen activator versus streptokinase for the prevention of thrombotic events in the acute phase of AMI was D 12,190 in 1994 [19] . Thus, secondary prevention of cardiovascular events and deaths for post-AMI patients with eplerenone and a standard treatment compares at least with two well-accepted treatments in France.
In the USA, and with a 3% discount rate, the incremental cost per life-year saved was $US 21,876 (D 17,304 using the July 2006 exchange rate) [12] . Croom and Plosker [5] reviewed existing economic studies performed in other countries, and a Swiss study has since been published. All use the same model structure, and their conclusions are quite similar. In Germany, the ICER ranged from D 6956 to D 14,628 according to the different scenarios [5] . In Spain, the discounted ICER with the Saskatchewan scenario was D 11,530 [20] . In the Netherlands, according to Croom and Plosker [5] , the ICER ranged from D 5635 to D 12,795. Finally, in Switzerland, the discounted ICER for the Saskatchewan scenario was CHF 16,178 (D 10,392 using the July 2006 exchange rate) [21] . Differences in ICER tell us more about differences in cost level and structure in the different countries than about differences in cost-effectiveness per se. But in all countries, the ICERs compare favourably to those of other accepted interventions.
Conclusion
Combining the standard treatment of HF after an AMI with an aldosterone-blockade drug, eplerenone, is effective in preventing overall mortality, cardiovascular mortality, and rehospitalizations. The gain in survival over the long term is modest, but the incremental cost of eplerenone leads to an acceptable level of incremental cost per life-year saved when compared to existing treatments in the cardiovascular field.
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